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CANCELLER FOR JAMMING WAVE BY INTERFERENCE 



(54 

(57) In order to cancel interference component 
induced by coupling between transmitting antenna and 
receiving antenna in a broadcasting wave relay station 
of direct relay type in a single frequency network by 
BST-OFDM or DVB-T system, a canceller including a 
digital signal processing unit for deriving a replica signal 
corresponding to interference component by processing 
a signal derived from an input signal or an output signal 
of a broadcasting wave relay equipment, and a subtrac- 
ter for generating a signal from which the interference 
component has been removed by subtracting the said 
replica signal, said signal having the interference com- 



ponent removed therefrom being supplied to the broad- 
casting wave relay equipment and the signal amplified 
thereby being transmitted by a transmitting antenna. 
Said digital signal processing unit includes a digital filter 
and a tap coefficient setting circuit for generating tap 
coefficients by estimating a transfer function of an inter- 
ference wave transmission path by utilizing a fact that 
amplitudes of carriers of TMCC signal, AC signal and 
SP signal consisting of BPSK modulated wave, and CP 
signal contained in a BST-OFDM signal are constant. 
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Description 

Technical Field 

5 [0001] The present invention relates to a technique for removing or reducing interference at a relay equipment 
installed in a relay station in digital broadcasting or digital transmission. Particularly, the present invention relates to a 
technique for canceling interference including interference due to an undesired transmission between a transmitting 
antenna and a receiving antenna in a relay station in single frequency network (SFN), interference due to multipath, and 
interference due to a reception of signals from one or transmitting stations which are different from a master station from 

10 which a signal is to be received. In the present specification, the above mentioned various kinds of interference are 
called interference waves for the sake of explanation. 

Technical Background 

15 [0002] In the present broadcasting wave relay system, the multi-frequency network (MFN) in which a receiving fre- 
quency is different from a transmitting frequency has been adopted. In this system, even if a signal transmitted from a 
transmitting antenna of a relay station is received by a receiving antenna of the same relay station, the problem of cou- 
pling loop interference does not occur, because the undesired receiving signal is sufficiently attenuated by a reception 
filter. When the transmitting and receiving are performed on a same frequency, transmitting power of a relay station is 

20 limited to low, and moreover a separation type antenna system in which a physical distance between a transmitting 
antenna and a receiving antenna is sufficiently long is adopted. Therefore, a transmitted radio wave is sufficiently atten- 
uated at the receiving antenna, and the coupling loop interference of the transmitted wave is scarcely occurred. 
[0003] In the digital terrestrial broadcasting, BST-OFDM (Band Segmented Transmission Quadrature Frequency 
Division Multiplexing) system would be dominant. This system has resistance to multipath distortion and various serv- 

25 ices may be carried out, and the SFN may be utilized. Upon introducing the digital terrestrial broadcasting, the digital 
broadcasting has to utilize vacant channels in order to attain a compatibility with the existing analog broadcasting. How- 
ever, since the number of vacant channels is small, it would be indispensable to adopt the SFN. 
[0004] Upon realizing the SFN, the coupling loop interference between a transmitting antenna and a receiving 
antenna in a non-separation type broadcasting wave relay station would be a problem, and a degradation of transmis- 

30 sion performance might occur. Furthermore, if an amount of coupling between the transmitting antenna and the receiv- 
ing antenna is large, undesired oscillation might occur and retransmission could not be performed at all. In order to 
reduce an amount of the coupling, a relay station has to be constructed as of separation type, in which a physical dis- 
tance between the transmitting antenna and the receiving antenna is large or a shielding effect by landform has to be 
utilized. However, such solution results in an increase in cost. 

35 [0005] In a pager system utilizing wireless call technique, a transmitting antenna and a receiving antenna are 
arranged close to each other and retransmission is performed on the same frequency. In this system, coupling loop 
interference is cancelled by an electric method. It should be noted that this pager system adopts a remodulation relay 
system, in which a received signal is once demodulated into data and then the thus demodulated data is modulated 
again. However, such remodulation relay system could not be applied to the SFN using the OFDM signal, which 

40 requires a sufficiently short delay time at a relay station such as a relay station in the digital terrestrial broadcasting. In 
the relay system of the digital broadcasting, a bandwidth is very wide such as about 6 MHz as compared with the pager 
system having a narrow bandwidth of about several tens kHz, and characteristics in band due to coupling loop interfer- 
ence are very complicated. Therefore, a technique for canceling the coupling loop interference in the pager system 
could not be applied to the digital terrestrial broadcasting. 

45 [0006] As explained above, upon introducing the digital terrestrial broadcasting, the SFN should be adopted due to 
a lack of vacant channels. In the OFDM signal, a symbol frequency may be decreased and a symbol period may be 
prolonged by increasing the number of carriers as compared with the single carrier modulation system. Therefore, a 
guard interval having a relatively long period may be added with a slight decrease in transmission efficiency, and a very 
large tolerance against multipath interference may be realized. In this manner, the SFN may be realized by utilizing the 

50 faculty of the strong tolerance against multipath interference. 

[0007] When the broadcasting wave relay is performed in the SFN, it is important to take into account of a delay 
time caused by a broadcasting wave relay equipment mainly consisting of an amplifier performing a power amplification 
of a received signal and a bandwidth of the transmitted signal. As stated above, in the relay station having the coupling 
loop interference canceling faculty used in the communication field such as the pager system, the so-called remodula- 

55 tion relay system in which the received signal is once demodulated into the data and then the data is modulated again 
is adopted, and a bandwidth of a channel is very narrow such as about several tens kHz. Contrary to this, a bandwidth 
of a channel of the digital terrestrial broadcasting is very wide such as 6 MHz (in Japan). Now it is assumed that the 
remodulation relay system is adopted to the OFDM signal in the digital terrestrial broadcasting system. A time length of 
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one symbol of the OFDM modulated signal Is fairly longer than that of the pager system, and therefore a long delay time 
longer than the guard interval will be introduced by the data demodulating equipment provided in the broadcasting wave 

relay station. In this case, receivers provided in general customers will be affected by multipath interference caused by 
echo which has a longer duration than the guard interval, and an error rate will be increased largely. 

5 [0008] Due to the above mentioned reasons, a delay time caused by the broadcasting wave relay equipment should 
be sufficiently shorter than the guard interval. In the known canceller for the interference wave used in the pager sys- 
tem, a complex signal derived from the retransmitted signal is multiplied by complex coefficients and the thus multiplied 
signal is fedback to the input side to cancel the interference wave. If the transmission bandwidth is sufficiently narrow, 
the characteristic in band may be considered to be flat as long as a disturbing wave due to interference having a very 

10 long delay time is not existent, and therefore the above mentioned interference wave canceller will be sufficient. In the 
broadcasting terrestrial system having a wide bandwidth such as about 6 MHz (in Japan), the frequency characteristic 
in band might be complicated by interference waves due to plural kinds of interference having different delay times. 
Therefore, the equalization could not be attained over the whole bandwidth by the simple feedback by means of multi- 
plication of the complex coefficients. 

15 [0009] The present invention has for its object to provide an interference wave canceller, which can be adopted not 
for the remodulation relay system which has been utilized in the pager system, but for the direct relay system in which 
a received signal is simply amplified and the thus amplified signal is retransmitted, and thus a delay time is little 
increased theoretically by a broadcasting wave relay equipment even for a signal having a wide bandwidth such as the 
digital terrestrial broadcasting signal. 

20 

Disclosure of the Invention 

[0010] In an interference wave canceller according to the invention, a signal derived from an input side or an output 
side of a broadcasting wave relay equipment (an amplifier for performing a power amplification in a relay station) is sub- 

25 jected to the quadrature demodulation and is converted into an equivalent complex baseband signal, and then the thus 
converted equivalent baseband signal is supplied to a digital filter of a kind to be explained later to make a transfer char- 
acteristic of the digital filter equal to that of the transmission paths of an interference wave in the relay station. That is 
to say, the signal derived from the input or output side of the broadcasting wave relay equipment is supplied to the digital 
filter having the transfer characteristic equal to that of the transmission paths of the interference wave to generate a rep- 

30 Ilea signal corresponding to the interference components. This replica signal is then subtracted from an input signal 
which is received by the relevant relay station and includes the interference components to cancel out the interference 
induced by the coupling between a transmitting antenna and a receiving antenna of the relevant relay station. It should 
be noted that the subtraction may be replaced by an addition of a polarity reversed replica signal (positive or negative) 
to the received input signal including the interference component. 

35 [0011] According to the invention, an interference wave canceller for canceling interference components induced 
by the coupling loop interference produced in a relay station of direct relay system including a receiving antenna, a 
broadcasting wave relay equipment for amplifying an input signal received by the receiving antenna, and a transmitting 
antenna for transmitting a signal amplified by said broadcasting wave relay equipment, comprises: 

40 a digital signal processing unit having an input terminal for receiving a signal derived from an input signal or an out- 
put signal of said broadcasting wave relay equipment and an output terminal for deriving a replica signal corre- 
sponding to the interference components, and 

a subtracter having a first input terminal for receiving said input signal received by said receiving antenna and con- 
taining the interference components, a second input terminal for receiving said replica signal generated from the 
45 output terminal of said digital signal processing unit, and an output terminal for generating a signal from which the 
interference components have been removed by subtracting said replica signal received at said second input ter- 
minal from the reception signal received at said first input terminal. 

[0012] In an embodiment of the interference wave canceller according to the invention, said digital signal process- 
so ing unit includes an adaptive complex digital filter, and a tap coefficient generating circuit for setting tap coefficients of 
said adaptive complex digital filter by processing the signals supplied to the digital signal processing unit. The tap coef- 
ficient generating circuit may include a quadrature demodulator generating an equivalent baseband signal by process- 
ing the signal derived from the input or output terminal of the broadcasting wave relay equipment, a FFT (Fast Fourier 
Transform) circuit generating an estimation signal estimating a characteristic of the interference components by 
55 processing said equivalent baseband signal, and a DSP (Digital Signal Processor) circuit generating a complex impulse 
response by processing the estimation signal for the coupling loop characteristic derived from said FFT circuit, wherein 
the tap coefficients of the adaptive complex digital filter are set in accordance with said complex impulse response. 
According to the invention, the impulse response generated by the DSP circuit has a finite bit length and a finite time 
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length, and therefore they directly correspond to the tap coefficients. 

[0013] In another embodiment of the interference wave canceller according to the invention, said digital signal 
processing unit includes a real number coefficient digital filter having a band pass property, and a circuit for setting tap 
coefficients of the real number coefficient digital filter, wherein said circuit for setting the tap coefficients of the real 

5 number coefficient digital filter includes a quadrature demodulator for generating an equivalent baseband signal by 
processing said signal derived from the input or output terminal of the broadcasting wave relay equipment, a FFT circuit 
for generating an estimation signal for estimating a characteristic of the interference waves by processing said equiva- 
lent baseband signal, and a DSP circuit for generating an impulse response by processing said estimation signal sup- 
plied from said FFT circuit and representing the characteristic of the interference waves, wherein tap coefficients of said 

10 real number coefficient digital filter are set in accordance with said impulse response. 

[0014] It should be noted that the interference wave canceller according to the invention may be preferably applied 
to the digital broadcasting by using the BST-OFDM system and DVB-T system. In an embodiment of the former appli- 
cation, a transfer function of a transmission path of the interference waves may be estimated by utilizing the fact that 
amplitudes of carriers of CP signal contained in the BST-OFDM signal, and TMCC signal, AC signal and SP signal con- 

75 sisting of BPSK modulated carriers are constant. 

[0015] In such an embodiment, an estimation accuracy of the transfer function of the transmission path of the dis- 
turbing waves may be improved by first performing a coarse estimation of the transfer function of the disturbing waves 
by utilizing the CP signal or TMCC signal contained in all symbols of the BST-OFDM signal, and then by carrying out a 
fine estimation of the transfer function of the transmission path of the interference wave by utilizing the SP signal which 

20 is transmitted, at a given symbol interval, but is arranged at a much finer interval on the frequency axis than said CP 
signal or TMCC signal. 

Brief Description of the Drawings 

25 [001 6] 

Fig. 1 is a block diagram showing an embodiment of the principal structure of the interference wave canceller 
according to the present invention, in which loop interference caused by the coupling between a transmitting 
antenna and a receiving antenna of a broadcasting wave relay station is cancelled out; 
30 Fig. 2 is a block diagram illustrating another embodiment of the principal structure of the interference wave cancel- 
ler according to the present invention, in which loop interference caused by the coupling between a transmitting 
antenna and a receiving antenna of a broadcasting wave relay station is cancelled out; 

Fig. 3 is a block diagram of the circuit construction of Fig. 1 , in which signals, their Fourier transforms, impulse 
responses and their Fourier transforms for showing how to cancel the loop interference in the circuit of Fig. 1 ; 
35 Fig. 4 is a schematic view illustrating the structure of OFDM segment of the BST-OFDM signal; 

Fig. 5 is a schematic view showing an example of OFDM segment of a coherent modulation portion; 
Fig. 6 is a block diagram representing a first embodiment of the interference wave canceller according to the inven- 
tion; 

Fig. 7 is a block diagram showing a detailed structure of a digital signal processing unit generating a replica of a 
40 loop interference signal in Fig. 6; 

Fig. 8 is a block diagram depicting a second embodiment of the interference wave canceller according to the inven- 
tion; 

Fig. 9 is a block diagram showing a detailed structure of a digital signal processing unit generating a replica of a 
coupling loop interference signal in Fig. 8; 
45 Fig. 1 0 is a block diagram showing a detailed structure of the digital signal processing unit generating the replica of 
the loop interference signal, said portion being constructed by a real number coefficient digital filter having a band- 
pass property; and 

Fig. 11 is a block diagram illustrating an embodiment of an adaptive digital filter. 

50 Best Mode of the Invention 

[0017] Now the present invention will be explained in greater detail with reference to the accompanying drawings. 
[0018] In case of constructing the SFN by the broadcasting wave relay in the digital terrestrial broadcasting, a 
broadcasting signal transmitted from a master station is amplified by a broadcasting wave relay equipment and the 
55 amplified signal is transmitted again on the same frequency. A field strength of the transmitted signal is much stronger 
than that of the received signal from the master station. The receiving antenna has a directional beam to the master 
station and the transmitting antenna has a directivity corresponding to a configuration of a service area, and in general 
a broadcasting wave is transmitted over a wide angle. Therefore, coupling loop interference occurs in accordance with 
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a directive gain of the transmitting antenna toward tine receiving antenna and a directive gain of the transnnitting antenna 
toward the receiving antenna. Furthernnore, a part of the broadcasting wave transmitted from the transmitting antenna 

is received by the receiving antenna through reflection by buildings, trees, mountains and so on near the relay station, 
and coupling loop interference also occurs. Therefore, these coupling loop interference are summed up at the receiving 
5 antenna as a compound signal of signals having various delay times, strengths and phases. 

[0019] Furthermore, when the signal from the master station is received by the relay station, there might be echo 

due to multipath. Also in this case, interference substantially identical with that caused by the above mentioned interfer- 
ence due to the coupling loop occurs. Furthermore, a relay station might receive signals having the same content trans- 
mitted from plural stations different from the master station from which a signal is to be received by the relevant relay 
10 station. Also in such a case, interference substantially identical with that caused by the coupling loop occurs. According 

to the invention, undesired signal component due to these interference can be removed or reduced. As stated above, 
in the present specification, these interference are called interference waves. 

[0020] Fig. 1 is a block diagram showing an embodiment of the principal structure of a broadcasting wave relay sta- 
tion, in which coupling between transmitting and receiving antennas is cancelled by the interference wave canceller 
15 according to the invention. 

[0021] In Fig. 1 , a reference numeral 1 denotes a interference wave canceller according to the invention, 2 a broad- 
casting wave relay equipment mainly consisting of a power amplifier, 3 an output filter, and 4 represents a directional 
coupler. 

[0022] In this structure, a desired wave (signal to be transmitted again) containing interference waves is received 
20 by a receiving antenna RA shown in the drawing, and then is supplied to an interference wave canceller 1 according to 
the present invention. In the interference wave canceller 1 according to the invention, a signal derived from an output 
broadcasting signal derived from the directional coupler 4 provided after the output filter 3 limiting a bandwidth of the 
broadcasting signal is used as a reference signal to estimate an overall system transfer function and to estimate a char- 
acteristic of the interference waves. At the same time, a transmission path whose transfer function is equal to a transfer 
25 function of a transmission path of the interference waves is realized by a complex digital filter. An output signal from this 
filter is subtracted from the received input signal to cancel out the interference waves. Therefore, the output signal from 
the interference wave canceller 1 does not include the interference waves any more. 

[0023] In the manner just explained above, a desired wave having the interference waves removed therefrom is 
amplified by the broadcasting wave relay equipment 2, and the thus amplified desired wave is further supplied to a 
30 transmitting antenna TA by means of the output filter 3 and directional coupler 4 and is transmitted from the transmitting 
antenna. In this manner, general receivers can receive the broadcasting wave which does not contain the interference 
waves. It should be noted that the directional coupler 4 is required for deriving the reference signal from the output 
broadcasting wave, said reference signal serving to operate the interference wave canceller 1 according to the inven- 
tion. 

35 [0024] Fig. 2 is a block diagram illustrating another embodiment of the principal structure of the broadcasting wave 
relay station, in which interference caused by coupling between a transmitting antenna and a receiving antenna is can- 
celled out by means of the interference wave canceller according to the invention. In Fig. 2, blocks denoted by the same 
reference numerals used in Fig. 1 have similar circuit structures as Fig. 1. 

[0025] The structure shown in Fig. 2 differs from Fig. 1 in that the reference signal which is derived from the output 
40 side of the broadcasting wave relay equipment 2 in Fig. 1 , is derived from the input side of the broadcasting wave relay 
equipment 2. In this case, the reference signal is not affected by a characteristic of the broadcasting wave relay equip- 
ment 2 and output filter 3, and therefore suitable conversion should be carried out upon estimating the overall transfer 
function and producing the transfer function in the interference wave canceller 1 . 

[0026] Now a manner of canceling the interference wave by the structure shown in Fig. 1 will be explained in 
45 accordance with the following equations with reference to Fig. 3. In the following explanation, a narrow meaning of the 

coupling loop interference is taken into mind. 

[0027] In Fig. 3, among the circuit structure for canceling the interference wave due to the coupling loop, signals 
and their Fourier transforms, and impulse responses of various blocks and their Fourier transforms are defined in order 
to quantifying operations of the circuits in accordance with the following explanation. 
50 [0028] In Fig. 3 as well as signals and impulse responses in the following explanation, capital letters denote com- 
plex numbers and small letters represent real numbers. 

[0029] At first, it is assumed that t expresses time, co an angular frequency, r(t) a signal coming from a master sta- 
tion, R((o) a Fourier transform of this signal, s(t) a signal transmitted from a relevant relay station (broadcasting signal), 
and S((o) denotes a Fourier transform of the broadcasting signal. Furthermore, it is assumed that an impulse response 
55 of a coupling path from a transmitting antenna to a receiving antenna of the relevant relay station is denoted by c(t), its 
Fourier transform is expressed by C((o), an impulse response of an adaptive filter (complex digital filter) 1a in the cou- 
pling loop interference wave canceller 1 is denoted by c'(t), and its Fourier transform is represented by C'((o). An impulse 
response of an input filter lb in the interference wave canceller 1 is denoted by d(t), its Fourier transform is expressed 
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by D((o), an impulse response of the broadcasting wave relay equipment 2 is denoted by Axg(t), and its Fourier trans- 
form is represented by AxG((o), here A is an amplifier gain (constant) of the broadcasting wave relay equipment 2. 

[0030] Moreover, an input signal to the interference canceller 1 is denoted by i(t), its Fourier transform is expressed 
by l((o), an output signal from the interference canceller 1 is represented by o(t), and its Fourier transform is expressed 
5 by O((o). The input signal to the interference canceller 1 is a sum of a desired wave and an interference wave, and there- 
fore the following equation (1) is obtained, and an equation (2) is a Fourier transform of the equation (1) 

i(t) = r(t) + c(t) *s (t) (1) 

10 1(0))= R(a)) +C((o) 8(0)) (2) 

Here * denotes a convolution operator. The input signal i(t) supplied to the interference canceller 1 is passed through 
the input filter 1 b in the canceller 1 , and in a subtracter 1c, the output of the adaptive filter 1 a is subtracted from the sig- 
nal from the input filter. Then, the output signal o(t) is derived from the interference canceller 1 . Therefore, the following 
75 equation (3) is established, and its Fourier transform is expressed by an equation (4). 

o(t) = i(t) *d(t) - c'(t) *s(t) (3) 

O(o)) = 1(0)) D(o)) - C'(o)) S(o)) (4) 

20 

[0031] The output signal o(t) from the interference canceller 1 is amplified by the broadcasting wave relay equip- 
ment 2 to obtain the broadcasting signal s(t), which is transmitted by the transmitting antenna. Therefore, the following 
equation (5) may be obtained, and its Fourier transform is denoted by an equation (6). 

25 s(t) = A • o(t) *g(t) (5) 

S((o) = A-0((o)^G((o) (6) 

When this equation (6) is replaced by the above mentioned equation (4), the following equation (7) is obtained. 

30 

S(G)) = A • G(&) {\((o)D((o) - C'(G)) S((o)} (7) 
When this equation (7) is replaced by the above mentioned equation (2), the following equation (8) may be derived. 
35 S((o)=A • 6(00) [{R((o)+C((o)S((o)} D((o)-C'((o)S((o)] (8) 

This equation (8) may be rewritten into the following equation (9). 

S(o))[1 -A • G(o)){D(a))C(a))-C'((o)}]=A • G(o))R(o))D(a)) (9) 

40 

When this equation (9) is deformed, a transfer function of the overall system F(o)) may be expressed by the following 
equation (10). 

p. , 5(0)) ^ A'G(o))D(o)) . 

45 ^""^ R(0)) 1-A'G(0)){C(0))D(0))-C'(0))} ^ ^ 



If the overall transfer function F((o) can be expressed by the gain A of the broadcasting wave relay equipment 2, its fre- 
quency characteristic and the characteristic D(o)) of the input filter 1 b in the interference wave canceller 1 in the follow- 

50 ing equation (11), influence of the coupling loop can be considered to be cancelled out. 

F((o) = A • G((o)D((o) (11) 

A necessary condition for establishing this equation (1 1 ) is that a denominator in the equation (1 0) becomes 1 , and this 
55 requires the establishment of the following equation (12). 

D(a))G(o)) = G'(o)) (12) 
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This equation (12) means that the cancellation can be performed when the frequency characteristic (right term) of the 
adaptive filer 1 a is equal to a total frequency characteristic (left term) of the coupling path and input filter 1 b. Since G((o) 
and D(co) are known, the coupling loop interference can be cancelled out if the tap coefficient setting circuit 1 d can esti- 
mate C(a)). 

5 [0032] Next, a manner of estimating the transfer function of the transmission path of the interference waves will be 
explained. 

[0033] Figs. 4 and 5 show the structure of OFDM segment of the BST-OFDM signal and the structure of OFDM seg- 
ment in the coherent modulation part, respectively. 

[0034] In the BST-OFDM signal, in order to make the demodulation at the receiver easy, there are included refer- 
10 ence signals such as CP (Continual Pilot), AC (Auxiliary Channel) and SP (Scattered Pilot). Furthermore, in every 

OFDM segments, there is contained TMOC (Transmission and Multiplexing Configuration Control) for denoting the 
modulation method of the OFDM segments. 

[0035] These carrier signals have a constant amplitude, and the carriers except for CP are BPSK modulated. 
Therefore, the characteristic of the transmission path of the interference waves can be estimated by demodulating the 
15 BST-OFDM signal and deriving the amplitude values and phase values of the carriers of CP. AC, SP and TMCC. In this 
explanation, all the OFDM segments belong to the coherent modulation part and the characteristic of the coupling path 
is estimated by utilizing SP. As shown in Fig. 5, SP is inserted with 12 carrier intervals within a symbol, and the inserted 
position is shifted by every three carriers in the direction of symbols and is returned into the original position after four 
symbols. Furthermore, SP has a constant amplitude and its phase is modulated in accordance with a given rule. There- 
to fore, if a fluctuation of the transmission path of the interference waves is sufficiently slower than a symbol rate, the fre- 
quency-amplitude and frequency-phase characteristics can be obtained with an interval of a three carrier period in the 
direction of frequency by performing the inspection for a four symbol period. 

[0036] A reference carrier and a reference symbol timing are derived by regenerating the carrier and symbol timing 
from the received BST-OFDM signal, and then the received BST-OFDM signal is quadrature demodulated by utilizing 

25 the reference carrier and reference symbol timing. The demodulated signal is further processed by the complex FFT, 
and real number data and an imaginary number data (k=1 ~N : carrier number and N is a total number of carriers) 
are observed for a four symbol period to derive SXl and SYl corresponding to SP (here L=1 - N g : L is number of dis- 
crete frequency, Ns is four times of a total number of SP within a symbol). The discrete frequency L is identical with the 
SP carrier frequency, and when L is increased or decreased by one, the corresponding frequency is increased or 

30 decreased by a three times of the carrier interval of the OFDM signal. 

[0037] In addition to the above mentioned SXl SYl, OFDM frame timing is regenerated, and a real part value 
rXL and an imaginary part value rYL are derived from the predetermined amplitude A and phase <I> of SP. Then, differ- 
ences eXL and eYL denoted by the following equations (13) and (14) are derived. 

35 exL = sxL-rxL (13) 

eyL = syL-ryL (14) 

[0038] The differences eXL and eYL ^^^^ derived may be considered as samples obtained by sampling the total 
40 transfer function F(co) including the transmission path of interference waves within the frequency domain if a distortion 

of the broadcasting wave coming from the master station is sufficiently small. The above mentioned equation (10) may 
be rewritten into the following equation (15). 

/-/ \r^/ \ r-i/ \ F((o)-A • G((o)D(a)) 

C((o)D((o)-C'(ft)) = ^ / .V/ X (15) 
45 \ / \ / \ / A*G((o)F(o)) 



A left term of this equation (15) represents a difference between a transfer function of the feedback loop for canceling 
the interference wave and the actual interference wave system taking into account of the influence of a delay circuit, and 
50 this difference E((o) may be expressed by the following equation (16). 

E(co) = • G(gD(") (16) 

A*G(co)F(co) 



55 



In this equation (16), if E((o) is zero, the interference wave could be completely cancelled out. A, G((o)and D((o) are 
known and do not change, and thus it is possible to obtain sampling values at the frequency corresponding to SP. Now 
it is assumed that these sampling values are denoted by Gl and Dl, the sampling value El of E((o) may be expressed 
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10 



20 



by the following equation (1 7). 

Fh-A-GhD. 

Here, F|_ is represented by the following equation (18) and i is an imaginary number 

Fl = exL + i • ey L ("IS) 



[0039] A complex impulse response which is obtained by subjecting E((o) derived from E|_ in the equation (17) to 
the complex inverse FFT process is denoted by H^i n.-i, and the tap coefficients of the adaptive complex digital filter are 
corrected repeatedly In accordance with the following equation (19). Then, the interference wave can be completely 
cancelled out. Even if the characteristic of the interference wave varies, the correction can follow this change and the 
75 cancellation can be performed. Here, m is the number of coefficients, and n is an integer number representing the 
number of the tap coefficient refresh or update operations. In the equation (19), |li is a suitable value within a range of 
0-1 , Hm,n-i is the above mentioned complex impulse response, a first parameter Pm,n-i '^i a left term is a tap coefficient 
before update, and P^.n (i^ft term) is a tap coefficient after update. 



Pr«r, = Prr,r,1+U'H^„H (19) 

m,n m,n-1 m,n-1 v ' 



[0040] Now embodiments of the interference wave canceller according to the present invention constructed in 
accordance with the above principle will be explained. 

[0041] Fig. 6 is a block diagram showing a first embodiment of the interference wave canceller according to the 
25 invention. In Fig. 6, reference numerals 6, 10 and 13 denote band pass filter (hereinafter referred to BPF), 7 local oscil- 
lator, 8 distributor, 9 and 12 multiplier serving as mixing circuit, 1 1 digital signal processing unit generating a replica sig- 
nal of interference signal converted into IF band, and a reference numeral 14 represents subtracter. 
[0042] Now the operation of the embodiment shown in Fig. 6 will be explained. 

[0043] A signal received by a receiving antenna is supplied to the BPF 6 and its bandwidth is limited thereby, and 
30 at the same time a delay for correcting the delay introduced by the digital signal processing unit 1 1 is given. Next, a ref- 
erence signal is derived at the input side of an amplifier in a relay station, and is multiplied in the mixer circuit 9 with a 
local oscillation signal which is generated by the local oscillator 7 and is divided by the distributor 8 to be converted into 
an I F signal. In the BPF 1 0, an image component is removed from the I F signal, and the I F signal having the image com- 
ponent removed therefrom is supplied to the digital signal processing unit 1 1 , which generates a replica signal of an 
35 interference signal having the same frequency-amplitude and frequency-phase characteristics as the signal which has 
been supplied from the coupling path and is received by the receiving antenna. 

[0044] The replica signal (IF signal) of the interference wave generated by the digital signal processing unit 1 1 is 
multiplied, in the mixer circuit 12, with the local oscillation signal provided from the distributor 8 and is frequency-con- 
verted into a RF signal. Furthermore, after removing the image component by the BPF 13, the RF signal is supplied to 

40 the subtracter 14. In the subtracter 14, the replica signal of the coupling loop interference signal is subtracted from the 
signal received by the antenna and supplied from the BPF 6 to the subtracter 1 4. In this manner, the signal having the 
interference wave component removed therefrom is supplied to the broadcasting wave relay equipment. 
[0045] Fig. 7 is a block diagram illustrating a detailed structure of an embodiment of the digital signal processing 
unit 1 1 generating the replica signal of the interference signal in Fig. 6. In Fig. 7, a reference numeral 15 denotes AD 

45 converter, 16 quadrature demodulator, 17 FFT (Fast Fourier Transform) circuit, 18 adaptive complex digital filter, 19 
clock regenerating circuit, 20 carrier regenerating circuit, 21 DSP (Digital Signal Processor) circuit, 22 quadrature mod- 
ulator, and a reference numeral 23 represents DA converter. 

[0046] Next, the operation of this digital signal processing unit 1 1 will be explained. 

[0047] The reference signal (I F signal) supplied from the BPF 1 0 shown in Fig. 6 to the digital signal processing unit 
50 1 1 is first converted by the AD converter 15 into a digital IF signal, and then the digital IF signal is further converted by 
the quadrature demodulator 1 6 into I axis signal and Q axis signal of an equivalent baseband signal, said signals being 
supplied to the FFT circuit 17, adaptive complex digital filter 18, clock regenerating circuit 19 and carrier regenerating 
circuit 20. The clock regenerating circuit 1 9 regenerates a symbol timing from the BST-OFDM signal as well as various 
kinds of timing signals and clock signal required by the digital signal processing unit 1 1 , and supplied the clock signal 
55 to various circuits which require the clock signal. 

[0048] The carrier regenerating circuit 20 regenerates the reference carrier signal from the BST-OFDM signal which 
is supplied to the quadrature demodulator 1 6 and quadrature modulator 22. In the FFT circuit 1 7, extraction of the BST- 
OFDM signal within a useful symbol period as well as the FFT process are performed. A result of this FFT process is 
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supplied to the succeeding DSP circuit 21 . In the DSP circuit 21 , a transfer function of the coupling path is derived by 
extracting carrier components of SP, CP and TMCC from the real and imaginary signals of the result of the FFT process 
supplied from the FFT circuit 1 7, and then is converted into the complex impulse response by the inverse FFT process. 
Tap coefficients are derived and are supplied to the adaptive complex digital filter 18. In the adaptive complex digital 
5 filter 1 8, the same frequency-amplitude and frequency-phase characteristics as those of the signal which is received by 
the receiving antenna from the coupling path are given to the equivalent baseband signal supplied from the quadrature 
demodulator 16, and the thus obtained signal is supplied to the quadrature modulator 22. 

[0049] In the quadrature modulator 22, the equivalent baseband signal is converted into the digital IF signal by uti- 
lizing the same reference carrier signal which is generated by the carrier regenerating circuit 20 and is used in the quad- 

10 rature demodulator 1 6, the digital I F signal is converted into an analog signal by the DA converter 23, said analog signal 
being an output of the relevant digital signal processing unit. In the above explanation, the adaptive complex digital filter 
18 may be constructed by four adaptive digital filters and two adders as shown in the drawing. The adaptive complex 
digital filter 1 8 as well as the quadrature demodulator 1 6 and quadrature modulator 22 surrounded by broken lines have 
known structure, and an explanation of their detailed construction may be dispensed with. 

15 [0050] Figs. 8 and 9 are block diagram showing a second embodiment of the interference wave canceller using 
quadrature demodulator and quadrature modulator both treating analog signals. In this embodiment, it is no more nec- 
essary to convert the input signal to the interference wave canceller 1 (refer to Figs. 1 and 2) into the IF signal. However, 
two AD converters and two DA converters are required as shown in Fig. 9. Moreover, in order to obtain a sufficient can- 
celing effect, very high quadrature imbalance is required for these quadrature demodulator and quadrature modulator. 

20 Furthermore, in the second embodiment, the regenerated carrier signal supplied from the carrier regenerating circuit 
20 is of an analog signal. It should be noted that the operation of the circuit shown in Figs. 8 and 9 could be easily pre- 
sumed by a person skilled in the art from Figs. 6 and 7, and a detailed explanation may be dispensed with. 
[0051] In the first and second embodiments of the interference wave canceller according to the present invention, 
the adaptive complex digital filter 1 8 is provided in the digital signal processing unit 1 1 to generate the replica signal for 

25 canceling the interference component as shown in Figs. 6-9, but according to the invention, the digital signal processing 
unit 1 1 may be constructed by the real number coefficient digital filter 28 having a given band pass characteristic as 
illustrated in Fig. 10. 

[0052] In this case, the equivalent baseband signal obtained by the quadrature demodulation by the quadrature 
demodulator 1 6 is supplied to the FFT circuit 1 7 for estimating the characteristic of the transmission path of interference 

30 wave, the reference signal (IF signal) prior to the quadrature demodulation is supplied to the real number coefficient dig- 
ital filter 28 having the band pass characteristic which generates the replica signal of the interference wave having the 
same frequency-amplitude and frequency-phase characteristics as the those introduced by the coupling path. In this 
manner, a give band pass characteristic is given. In this structure, it is sufficient to provide only one block of the adaptive 
digital filter, but a higher speed operation is required. 

35 [0053] In both embodiments (including the case of Figs. 7 and 9), the digital filter generating the replica signal of 
the interference signal may be constructed in the form of a weighted summation circuit which includes, for instance, a 
plurality of coefficient registers R, an adder 0, multiplier ®, and D latch D as shown in Fig. 1 1 . One adaptive digital filter 
includes two independent digital filters, which are alternately selected by a selector S, and update coefficients supplied 
from the DSP circuit 21 (refer to Fig. 10) are loaded into non-selected digital filter. After an incorrect signal caused by 

40 the update of coefficients has been disappeared, the digital filter is changed. By coinciding this changing timing with the 
guard interval of the OFDM signal, it is possible to reduce an influence of the coefficient update. When the adaptive 
complex digital filter 18 explained with reference to Figs. 6-9 is used, four adaptive digital filters are required, but the 
adaptive digital filter 28 shown in Fig. 10 needs only one. It should be noted that the present invention may be equally 
applied to the DVB-T system in a similar manner to the BST-OFDM system. 

45 

Industrial Applicability 

[0054] According to the present invention, it is possible to cancel interference component due to coupling between 
a transmitting antenna and a receiving antenna of a broadcasting wave relay station in SFN, interference component 

50 due to multipath, and interference component due to signals sent from transmitting stations other than a desired master 
station. Therefore, a necessary cost for realizing SFN in the digital terrestrial broadcasting can be largely reduced. 

Claims 

55 1. An interference wave canceller for canceling interference component induced by interference produced in a relay 
station of direct relay type including a receiving antenna, a broadcasting wave relay equipment for amplifying an 
input signal received by the receiving antenna, and a transmitting antenna for transmitting a signal amplified by said 
broadcasting wave relay equipment, comprising: 
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a digital signal processing unit having an input terminal for receiving a signal derived fronn an input signal or an 
output signal of said broadcasting wave relay equipnnent and an output terminal for deriving a replica signal 

corresponding to the interference component; and 

a subtracter having a first input terminal for receiving said input signal received by said receiving antenna and 
5 containing the interference component, a second input terminal for receiving said replica signal generated from 

the output terminal of said digital signal processing unit, and an output terminal for generating a signal from 
which the interference component has been removed by subtracting said replica signal received at said second 
input terminal from the receiving signal received at said first input terminal. 

10 2. An interference wave canceller according to claim 1 , wherein said digital signal processing unit includes an adap- 
tive complex digital filter, and a tap coefficient generating circuit for setting tap coefficients of said adaptive complex 
digital filter by processing the signals supplied to the digital signal processing unit. 

3. An interference wave canceller according to claim 2, wherein said tap coefficient generating circuit includes a quad- 
15 rature demodulator generating an equivalent baseband signal by processing the signal derived from the input or 

output terminal of the broadcasting wave relay equipment, a FFT circuit generating an estimation signal estimating 
a characteristic of the interference component by processing said equivalent baseband signal, and a DSP circuit 
generating a complex impulse response by processing the estimation signal for coupling characteristic derived 
from said FFT circuit, wherein the tap coefficients of the adaptive complex digital filter are set in accordance with 
20 said complex impulse response. 

4. An interference wave canceller according to claim 3, wherein said signal received by the relay station is a digital 
broadcasting signal of BST-OFDM system, and said tap coefficient setting circuit is constructed such that the tap 

coefficients of the adaptive complex digital filter are set by estimating a transfer function of the transmission system 
25 of the interference waves by utilizing the fact that amplitudes of carriers of TMCC signal, AC signal and SP signal 
consisting of BPSK modulated wave, and CP signal contained in BST-OFDM signal are constant. 

5. An interference wave canceller according to claim 4, wherein said tap coefficient setting circuit is constructed such 
that a coarse estimation of the transfer function of interference waves is first performed by utilizing the CP signal, 

30 AC signal or TMCC signal contained in all symbols of the BST-OFDM signal, and then a fine estimation of the trans- 
fer function of the interference waves is performed by utilizing the SP signal which is transmitted at a given symbol 
interval, but is arranged at a much fine interval on the frequency axis than said CP signal, AC signal or TMCC sig- 
nal. 

35 6. An interference wave canceller according to claim 1, wherein said digital signal processing unit includes a real 
number coefficient digital filter having a band pass property, and a circuit for setting tap coefficients of the real 
number coefficient digital filter. 

7. An interference wave canceller according to claim 6, wherein said circuit for setting the tap coefficients of the real 
40 number coefficient digital filter includes a quadrature demodulator for generating an equivalent baseband signal by 

processing said signal derived from the input or output terminal of the broadcasting wave relay equipment, a FFT 
circuit for generating an estimation signal for estimating a characteristic of interference waves by processing said 
equivalent baseband signal, and a DSP circuit for generating an impulse response by processing said estimation 
signal supplied from said FFT circuit and representing the characteristic of the interference waves, wherein tap 
45 coefficients of said real number coefficient digital filter are set in accordance with said impulse response. 

8. An interference wave canceller according to claim 6 or 7, wherein said signal received by the relay station is a digital 
broadcasting signal of BST-OFDM system, and said tap coefficient setting circuit is constructed such that the tap 
coefficients of the real number coefficient digital filter are set by estimating a transfer function of the transmission 

50 system of the interference waves by utilizing the fact that amplitudes of carriers of TMCC signal, AC signal and SP 
signal consisting of BPSK modulated wave, and CP signal contained in BST-OFDM signal are constant. 

9. An interference wave canceller according to claim 8, wherein said tap coefficient setting circuit is constructed such 
that a coarse estimation of the transfer function of the interference waves is first performed by utilizing the CP sig- 

55 nal, AC signal or TMCC signal contained in all symbols of the BST-OFDM signal, and then a fine estimation of the 
transfer function of the interference waves is performed by utilizing the SP signal which is transmitted at a given 
symbol interval, but is arranged at a much fine interval on the frequency axis than said CP signal, AC signal or 
TMCC signal. 
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